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41071
PO Box 13222
Sacramento CA 95813-6000

December 15,1997

Mr. Wayne Praskins
Project Manager
U.S. Environmental Protection Agency
75 Hawthorne Street (SFD-7)
San Francisco, California 94105

Re: Release of Perchlorate to Ground and Groundwater via Historic Burn Practices

Dear Wayne:

During our meeting at Region 9 on October 22,1997, we discussed other potential
responsible parties (PRPs) for the release of perchlorate ion to the ground and
groundwater in the BPOU. EPA indicated that additional evidence would be required to
support the BPOU Steering Committee position that perchlorate disposal practices by
Day & Night resulted in soil and groundwater contamination. Day & Night, as directed
and overseen by the United States, placed perchlorate on the ground and burned the
compound as described in documents previously submitted to EPA.

Documents submitted to regulatory agencies establish without question that the practice
of burning perchlorate in burned areas results in release of perchlorate to soil and the
transport of perchlorate through soil to groundwater.

1. In 1992 Radian Corporation prepared a report on behalf of Lockheed
Corporation for submittal to the Santa Ana Regional Water Quality Control
Board regarding Lockheed's Beaumont No. 1 facility. Portions of this report
are enclosed. You will note that perchlorate was found in groundwater
concentrations ranging upward to 9,000 ng/1 downgradient of Lockheed's
burn pit area and that Radian attributes the source of the perchlorate to the
bum pit.

2. United Technology Corporation - Chemical Systems Division located in San
Jose, California develops, manufactures and tests solid propellant propulsion
systems. The operation uses solid rocket motors containing aluminum and
ammonium perchlorate suspended in a synthetic rubber matrix. Waste
propellant has historically been thermally treated at an Open Burning Facility
(OBF) located on the northeastern portion of the property. This OBF is
approximately 17 acres in size and contains 10 Open Burning units (OBUs).
From 1963 to 1992 all wastes were burned on the ground surface.
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The facility is operating under RCRA and as such is addressing environmental
restoration through the RCRA Facility Investigation/Corrective Measures
Study process. Documents containing information on perchlorate in soil and
water include: RCRA Facility Investigation/Corrective Measures Study (June
1991 - ICF Kaiser), RCRA Facility Investigation/Corrective Measures Study
Addendum (June 1993 - ICF Kaiser), and Soil and Groundwater
Characterization Summary - Open Burning Facility (April 1996 - ICF Kaiser).

Prior to 1996, limited investigation and analysis of soils and groundwaters for
perchlorate were performed. As of 1996 only nine soil samples from the OBF
were subjected to analysis for perchlorate. Six of these nine soil samples
contained concentrations of perchlorate up to 450 mg/kg with an average
concentration for all nine samples of over 150 mg/kg.

Concentrations in groundwater at the OBF in 1992 to 1995 varied by well, but
ranged from non-detect to 48,000 jxg/1 with an average of approximately 7,000
(j.g/1. This confirms that high concentrations in OBF soils have contributed
significant concentrations of perchlorate to groundwater. This is clear
evidence that the burning process does not result in complete destruction.

The DHS web page contains information that concentrations of perchlorate up
to 281,000 jag/1 have been detected in groundwater at the facility. We expect
that additional investigations are underway but have not seen any data
collected in 1997.

The information referenced above clearly demonstrates that open burning of perchlorate
on ground surfaces results in perchlorate entering the ground and groundwater. Since
Aerojet followed the same general procedures for perchlorate burning at its Azusa
facilities as did Day & Night, if EPA concludes that Day & Night did not contribute
perchlorate to the groundwater, then Aerojet must be absolved of responsibility regarding
perchlorate investigation and/or remediation, especially as to perchlorate furthest in
distance and time from the presumed, but as yet undefined, upper end of the perchlorate
plume.

On a related matter during the October 28, 1997 Watermaster Perchlorate Issues meeting,
you and I each received a copy of a Stetson map showing perchlorate sampling and
analysis data and locations from various wells in the San Gabriel Basin. This map shows
numerous "hits" of perchlorate scattered throughout the region and remote from the
BPOU plume. Two of these wells (City of Covina No 2 and Valencia Heights Water
Company No. 4) contain perchlorate in excess of the provisional DHS action level. This
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map clearly demonstrates that other perchlorate PRPs may exist both within and outside
of the BPOU boundaries. What is EPA's intent as to evaluating the basin and particularly
the BPOU for other perchlorate PRPs?

Very truly yours,

^
Donald E. Vanderkar, Director
Environmental Restoration Programs

cc: John Catts
BPOU Steering Committee

DEV BPOU Letters: Praskins 12 15 97



RADIAN
C O f t P O I I A T I O N

92-204-139-22
10395 Old Plaeervill* Road

Sacramento. CA 95827
1916)362-5332

LOCKHEED BEAUMONT NO. 1
TREATABILITY STUDY

Prepared for:

Lockheed Corporation
4500 Park Granada Boulevard

Calabasas, CA 91302

Prepared byt

Radian Corponrtkm
10395 Old Pb£tcvffie Road

Sacramento, CA 95827

February 1992



RADIAN
« • • » * * * T I « M

TABLE OF CONTENTS

Section

EXECUTIVE SUMMARY ..................................... E-l

1.0 INTRODUCTION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1*1
1.1.1 One-Time Burial of Low-Level Radioactive Waste ......... 1-1
1.1.2 Permitted Landfi l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-4
1.1 J Burn Pit and Rocket Motor Production Areas ............. 1-4

1.2 Design of the Treatability Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6
1.3 Layout of Treatment Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9

2.0 CHARACTERIZATION OF SITE CONTAMINATION ............... 2-1

2.1 Summary of Field Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7
2.2 Geologic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7

2.2.1 Mt. Eden Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8
2.2.2 Granitic Formation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10

2.3 Vadose Zone Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10
2.4 Groundwater Contamination ............................... 2-12

2.4.1 Occurrence and Movement ........................... 2-12
2.4.2 Groundwater Quality ............................... 2-17

3.0 VAPOR RECOVERY AND AQUIFER TESTING ................... 3-1

3.1 Vapor Recovery Tests .................................... 3-1
3.1.1 Vapor Well Design and Layout ........................ 3-2
3.1.2 Data Needs for Design of a Full-Scale Vapor

Recovery System ................................... 3-6
3.13 Vapor Recovery Test Program ........................ 3-8
3.1.4 Sampling and Analytical Procedures .................... 3-10
3.1.5 Vapor Recovery Test Results ......................... 3-11
3.1.6 Relation of Vapor Recovery Results to Final Design

and Costs ........................................ 3-33
3.2 Groundwater Aquifer Testing .............................. 3-34

3.2.1 Aquifer Test Design and Layout ....................... 3-35
322 Data Needs for Design of a Full-Scale Groundwater

Recovery System ................................... 3-36
3.2 J Aquifer Test Layout ................................ 3-36
32.4 Aquifer Test Methods ............................... 3-40
325 Aquifer Test Results ................................ 3-41
32.6 Relation of Aquifer Tests to Final Design and Costs ........ 3-44



RADIAN
« • • » • • A T I « M

TABLE OF CONTENTS (Continued)

Section Page

4.0 CARBON TREATABIUTY OF SOIL VAPORS FROM THE VAPOR
RECOVERY UNIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

4.1 Activated Carbon Process Description . . . . . . . . . . . . . . . . . . . . . . . . 4-2
4.1.1 Test Equipment Configuration . . . . . . . . . . . . . . . . . . . . . . . . . 4-2
4.1.2 Activated Carbon Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2

4.2 Data Needs for Design of a Full-Scale Carbon System ............ 4-6
4.3 Carbon Test Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7

43.1 Sampling and Analytical Procedures .. . . . . . . . . . . . . . . . . . . 4-7
43.2 Field Test Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9

4.4 Activated Carbon Results ................................. 4-11
4.4.1 Test 1 - Carbon Adsorption Efficiency . . . . . . . . . . . . . . . . . . . 4-15
4.4.2 Test 3 - Carbon Adsorption Efficiency . . . . . . . . . . . . . . . . . . . 4-16
4.43 Test 4 - Carbon Adsorption Efficiency ................... 4-16
4.4.4 Comparison of Test Results with Vendor Predictions ........ 4-16
4.4.5 Carbon Loading Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-18
4.4.6 Condensate Water ................................. 4-19

4.5 Implication of Results on Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-20

5.0 ULTRAVIOLET LIGHT/HYDROGEN PEROXIDE/OZONE
GROUNDWATER TREATMENT TEST PROGRAM ................ 5-1

5.1 UV Oxidation Process Description . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.1 Equipment Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.2 UV Oxidation Theory .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6

5.2 Data Needs for Design of a Full-Scale UV Oxidation Groundwater
Treatment System ....................................... 5-9

53 UV Oxidation Test Program ............................... 5-10
53.1 Sampling and Analytical Procedures .................... 5-10
532 Field Test Program ................................. 5-12

5.4 UV Oxidation Results .................................... 5-14
5.4.1 Equipment Blank Check ............................. 5*14
5.4.2 Control Runs ..................................... 5-15
5.43 Removal of VOCs by UV Oxidation .................... 5-15
5.4.4 Optimum Operating Conditions ........................ 5-24
5.4.5 Discussion of Results for Intermediates/Byproducts ......... 5-30
5.4.6 Analytical Results for Other Parameters ................. 5-31
5.4.7 Field Operational Experiences and Problems .............. 5-34

5.5 Implications of Results on Costs ............................ 5-35

u



RADIAN
C O « » « « « T I « N

TABLE OF CONTENTS (Continued)

Section Page

6.0 ULTRAVIOLET UGHT/HYDROGEN PEROXIDE/OZONE
COTREATMENT TEST PROGRAM .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1

6.1 UV Oxidation Cotreatment Process Description ................. 6-1
6.2 Data Needs for the Design of a Full-Scale UV Oxidation

Cotreatment System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4
6.3 UV Oxidation Test Program ............................... 6-5

6.3.1 Sampling and Analytical Procedures .................... 6-5
6.3.2 Field Test Program ................................. 6-7

6.4 UV Oxidation Cotreatment Results . . . . . . . . . . . . . . . . . . . . . . . . . . 6-8
6.4.1 Performance Data for the Full UV Oxidation Cotreatment

System .......................................... 6-10
6.4.2 Performance Data for Cotreatment Subsystem - UV

Reactor ......................................... 6-16
6.43 Performance Data for the Cotreatment Subsystem -

D-TOX Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19
6.4.4 Other Parameters in Groundwater ...................... 6-21
6.4.5 Field Operational Experiences and Problems .............. 6-23

6.5 Implications of Results on Costs ............................ 6-24

7.0 AIR STRIPPER/CARBON UNIT TESTING ....................... 7-1

7.1 Air Stripping Process Description .... . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.1.1 Equipment Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.1.2 Air Stripping Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2

7.2 Data Needs for Design of a Full-Scale Air Stripper .............. 7-6
73 Air Stripper Test Program ....... . . . . . . . . . . . . . . . . . . . . . . . . . . 7-9

73.1 Sampling and Analytical Procedures .................... 7-10
73.2 Field Test Program ................................. 7-11

7.4 Air Stripper Results ...................................... 7-16
7.4.1 Equipment Blank Run .............................. 7-16
7.4.2 Removal of VOCs by Air Stripping ..................... 7-18
7.43 Mass Transfer Results ............................... 7-24
7.4.4 Full-Scale Design Considerations ....................... 7-30
7.4.5 Inorganic Analytical Results .......................... 7-30

7.5 Implications of Results on Costs ............................ 7-32

111



TABLE OF CONTENTS (Continued)

Section Page

8.0 ION EXCHANGE TREATMENT ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1

8.1 Ion Exchange Process Description . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2
8.1.1 Equipment Configuration ............................ 8*2
8.1.2 Ion Exchange Theory ............................... 8-4

8.2 Data Needs for Design of a Full-Scale Ion Exchange Unit . . . . . . . . . 8-8
83 Ion Exchange Test Program ................................ 8-8

83.1 Sampling and Analytical Procedures .................... 8-8
83.2 Field Test Program .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-9

8.4 Ion Exchange Results .................................... 8-10
8.4.1 Inorganic Analytical Results . . . . . . . . . . . . . . . . . . . . . . . . . . 8-10
8.4.2 Organic Analytical Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-14
8.43 Resin Breakthrough Determination . . . . . . . . . . . . . . . . . . . . . 8-14
8.4.4 Resin Regeneration/Degradation ...................... 8-15

8.5 Implications of Results on Cost ............................. 8-17

9.0 TREATED WATER INJECTION ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1

9.1 Injected Water Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2 Injection Well Performance ................................ 9-1
93 Implications for Final Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-3

10.0 FULL-SCALE DESIGN AND ASSOCIATED COSTS-CONCLUSIONS
AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1

11.0 REFERENCES ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1

APPENDIX A - WELL DATA

APPENDDC B - QA/QC

APPENDIX C • ANALYTICAL DATA

IV



LIST OF TABLES

Table Page

S-l Summary of Test Data for Treatability Study .. . . . . . . . . . . . . . . . . . . . . . . E-3
S-2 Order-of-Magnitude Full-Scale Treatment Cost Estimates .............. E-12

2-1 Analytical Results for Soil Samples Collected in the Burn Pit Area .... . . . . 2-13
2*2 Aquifer Test Summary ......................................... 2-16

3-1 Vapor Well Construction Summary ............................... 3-7
3-2 Vapor Recovery Test Data ...................................... 3-9
3-3 Maximum Vacuum Versus Distance for Vapor Recovery Tests ........... 3-16
3-4 Aquifer Test Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37

4-1 Carbon Study Test Data and Influent Concentrations .................. 4-10
4-2 Contaminant Concentrations in the Chiller Condensate and

Air/Water Separator from Vapor Recovery Test 4 .................... 4-19

5-1 Specifications for the Ultrox* Pilot System .......................... 5-5
5-2 Test Program for Groundwater Treatment .......................... 5-13
5-3 Total VOC Contaminant Loading and Mass Balance for Each Test Run

of the Pilot-Scale UV Oxidation Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-18
5-4 Performance Data for Selected VOCs in Groundwater ................. 5-20
5-5 Percent of Stripping for Selected VOCs ............................ 5-21
5-6 Performance Data for Selected VOCs in Vapor ...................... 5-25
5-7 Data Showing Compliance with the SCAQMD Air Permit . . . . . . . . . . . . . . 5-26
5-8 Optimum UV Oxidation Operating Conditions Identified in the

Treatability Study ............................................ 5-29

6-1 Cotreatment Test Plan ......................................... 6-9
6-2 Total VOC Contaminant Loading, Mass Balance, and Percent

Removal for the UV Oxidation Cotreatment Unit .................... 6-11
6-3 Performance Data for Selected VOCs in the UV Oxidation System ....... 6-14
6-4 Compliance Status of D-TOX Unit ............................... 6-22

7-1 Equipment List for Air Stripper .................................. 7-4
7-2 Henry's Law Constants ........................................ 7-6
7-3 Air Stripper Parameters ........................................ 7-9
7-4 Physical Parameters Measured During Each Air Stripper Test Run ........ 7-11
7-5 Average Influent Concentrations of the Three Primary Organic

Contaminants ............................................... 7-13
7-6 Operating Parameters for the Air Stripper Test Runs .................. 7-14
7-7 Analytical Results for the Equipment Blank Run ..................... 7-17



LIST OF TABLES (Continued)

Table Page

7-8 Total VOC Contaminant Loading and Mass Balance for Each Test
Run of the Pilot-Scale Air Stripper Study .... . . . . . . . . . . . . . . . . . . . . . . . 7-19

7-9 Trichloroethene Concentrations and Removal Efficiency for Each
Test Run of the Pilot-Scale Air Stripping Study ... . . . . . . . . . . . . . . . . . . . 7-21

7-10 1,1-Dichloroethene Concentrations and Removal Efficiency for Each
Test Run of the Pilot-Scale Air Stripping Study . . . . . . . . . . . . . . . . . . . . . . 7-22

7-11 1,1,1-Trichloroethane Concentrations and Removal Efficiency for
Each Test Run of the Pilot-Scale Air Stripping Study . . . . . . . . . . . . . . . . . . 7-23

7-12 Experimental and Theoretical TCE Mass Transfer Coefficient
Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-26

7-13 Summary of Inorganic Results for the Air Stripping Unit . .............. 7-31

8-1 Ion Exchange/Final Effluent Treatment Objectives . . . . . . . . . . . . . . . . . . . 8-2
8-2 Summary of Influent and Effluent Results for the Ion Exchange Unit ...... 8-11
8-3 Analytical Results of the Chloride Form of the Anion Resin ............. 8-16.

10-1 Initial Parameters for Preliminary Design Basis . . . . . . . . . . . . . . . . . . . . . . 10-3
10-2 Soil Vapor Carbon Treatment System • Preliminary Design ............. 10-4
10-3 Ultraviolet/Ozone/Hydrogen Peroxide Soil and Groundwater

Cotreatment System - Preliminary Design ........................... 10-5
10-4 Ultraviolet/Ozone/Hydrogen Peroxide Groundwater Treatment

System - Preliminary Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6
10-5 Air Stripper Groundwater Treatment System - Preliminary Design . . . . . . . . 10-7
10-6 Ion-Exchange Groundwater Treatment - Preliminary Design ............. 10-8
10-7 Order-of-Magnitude Full-Scale Treatment Cost Estimates ............... 10-9

VI



RADIAN

LIST OF FIGURES
Figure . Page

S-l Lockheed Beaumont Site No. 1 Treatment Pilot Plant Process
Flow Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E-2

1-1 Location of Lockheed Beaumont No. 1 and No. 2 Sites . . . . . . . . . . . . . . . . 1-2
1-2 Lockheed Beaumont No. 1 Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1-3 Lockheed Beaumont Site No. 1 Treatment Pilot Plant Process Flow

Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-8
1-4 Layout of Vapor Monitoring and Recovery Wells . . . . . . . . . . . . . . . . . . . . . MO
1-5 Location of Piping Network to Vapor and Groundwater

Extraction, Treatment and Monitoring System . . . . . . . . . . . . . . . . . . . . . . . 1-11

2-1 Lockheed Beaumont No. 1 Location of Wells and Piezometers . . . . . . . . . . . 2-5
2-2 Lockheed Beaumont No. 1 Location of Wells and Borings in the

Burn Pit Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6
2-3 Lockheed Beaumont No. 1 Bottom of Quaternary Alluvium . . . . . . . . . . . . . 2-9
2-4 Lockheed Beaumont No. 1 Total Volatile Organic Compound Soil

Vapor Isopleths (From 1990 Study) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11
2-5 Lockheed Beaumont No. 1 Water Table Elevations, March 8, 1991 ....... 2-14
2-6 Lockheed Beaumont No. 1 Nitrate Concentrations in Shallow

Groundwater (late 1990) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-18
2-7 Lockheed Beaumont No. 1 Total 8010 Concentrations in Shallow

Groundwater (Fall 1991) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-19
2-8 Lockheed Beaumont No. 1 TCE Concentrations in Shallow Groundwater

(Fall 1991). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-21
2-9 Lockheed Beaumont No. 1 Perchlorate Concentrations in Shallow

Groundwater (Spring 1991) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23

3-1 Layout of Vapor Monitoring and Recovery Wells . . . . . . . . . . . . . . . . . . . . . 3-3
3-2 Cross Section A-A' of VRW-3 and Associated Vapor

Monitoring Wells ............................................. 3-4
3-3 Cross Section B-B' of VRW-1 and VRW-2 and Associated Vapor

Monitoring Wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
3-4 Vapor Recovery Test 1, VRW-2 Influent Concentration versus Tune ...... 3-12
3-5 Vapor Recovery Test 1, VRW-2 Monitoring Well Vacuum Distributions .... 3-15
3-6 Vapor Recovery Test 1, Vacuum versus Distance from VRW-2 .......... 3-17
3-7 Vapor Recovery Test 3, VRW-1 Influent Concentration versus Time ...... 3-21
3-8 Vapor Recovery Test 3, VRW-1 Monitoring Well Vacuum Distributions .... 3-23
3-9 Vapor Recovery Test 3, Vacuum versus Distance from VRW-1 .......... 3-24
3-10 Vapor Recovery Test 4, VRW-2 Influent Concentration versus Time ...... 3-26
3-11 VMW-14 Concentration versus Time .............................. 3-28

vu



I •*•

r

LIST OF FIGURES (Continued)

Figure Page

3-12 VMW-11 Concentration versus Time ..... . . . . . . . . . . . . . . . . . . . . . . . . . 3-29
3-13 Vapor Recovery Test 4, VRW-2 Vacuum Distribution ................. 3-31
3-14 Vacuum versus Distance from VRW-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32

4-1 Process Flow Diagram of Vapor Recovery and Carbon Adsorption
Treatment Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3

4-2 Vapor Phase Adsorption Isotherms ............................... 4-5
4-3 Vapor Recovery Test l-VRW-2 Effluent Concentration versus Time ...... 4-12
4-4 Vapor Recovery Test 3-VRW-1 Effluent Concentration versus Time ...... 4-13
4-5 Vapor Recovery Test 4-VRW-2 Effluent Concentration versus Tune ...... 4-14

5-1 Diagram of Ultraviolet/Hydrogen Peroxide/Ozone Pilot Treatment
System .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2

5-2 Schematic of Sampling Locations (Groundwater Treatment)............. 5-3
5-3 Total VOC Concentration Profiles in Groundwater and Effluent

Vapor for Each Run of the UV Oxidation Unit ...................... 5-16

6-1 Diagram of Ultraviolet Light/Hydrogen Peroxide/Ozone Cotreatment
System ..................................................... 6-2

6-2 Schematic of Sampling Locations (Cotreatment) ...................... 6-6
6-3 Total VOC Concentration Profiles for Groundwater and Vapor in the

UV Oxidation Cotreatment System ............................... 6-17

7-1 Pilot Air Stripper Unit • Process Flow Diagram ...................... 7-3
7-2 Mass Transfer Coefficient Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27

8-1 Ion Exchange System .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3
8-2 Typical Service Run Profile ..................................... 8-7
8-3 Ion Exchange - Change in pH ................................... 8-13

vui



RADIAN
«••»• • •T l«N

EXECUTIVE SUMMARY

Radian Corporation has been retained by Lockheed Corporation to identify
potential sources of surface and subsurface contamination and to prepare a remediation plan
for a former Lockheed Propulsion Company test facility (Site No. 1) near Beaumont,
California. Previous investigations have identified a soil vapor plume, originating from
former burn pits, which contains chlorinated volatile organic contaminants (VOCs), primarily
!^Klich]oroethene(lJ-DCE),trichJoroethene(TCE),andl,l,l-trichJoro€thane(l,l,l-TCA).
A narrow groundwater plume containing these contaminants in concentrations above state
and federal Primary Maximum Contaminant Levels is present in the alluvial aquifer below
the soil vapor plume. The groundwater plume originates and is widest at the burn pit and
rocket motor production areas, and extends approximately 2 miles downgradient to the west.
The same contaminants are also found in lesser concentrations in the upper, weathered
portion of the underlying ML Eden Formation.

This report presents the test results of the treatability study conducted to
investigate the subsurface characteristics during groundwater and soil vapor extraction, and
to compare the effectiveness of vapor and groundwater treatment technologies. The
objectives of the subsurface evaluation were to determine:

The actual concentrations of contaminants in the soil vapor and
groundwater at different locations during extraction;

The pumping characteristics of the porous media in the subsurface that
contain contaminated vapors and groundwater, and

The rate at which soil vapor and groundwater can be extracted.

To provide technology-based engineering data, five technologies to treat the
contaminated soil vapor and groundwater were evaluated and compared, as shown in Figure
S-l and summarized in Table S-l. Soil vapors contaminated with chlorinated VOCs

Lockheed Beaumont Treatability Study E-l



the groundwater. Figure 2-8 presents t contour map of TCE concentrations in groundwater.
The highest contaminant concentrations are found in water table wells MW-24 and MW-26
drilled directly beneath the burn pits. The contaminants with the highest concentrations in
these wells are TCE at 740 Mg/L (MW-24), 1,1-DCE at 740 Mg/L (MW-24), and 1,1,1-TCA
at 140 Mg/L (MW-26). These levels are higher than the PMCL levels for 1,1-DCE (6/ig/L)
and TCE (Sjig/L), but less than the PMCL for 1,1,1-TCA (200 Mg/L). Figure 2-7 combines
these results and presents a map of the total amount of contaminants present Immiscible
phase product or contamination was not observed during the drilling of these two wells.

In order to evaluate if contamination has migrated into the Mt Eden
Formation, deeper wells MW-31 (in the burn pits), MW-3, and MW-32 (downgradient) were
drilled to depths of 85 to 140 feet below the water table. Water samples from these three
deep wells did not contain detectable concentrations of organic compounds, indicating that
contamination has not migrated to the deeper unweathered portion of the Mt Eden
Formation.

Data to evaluate the vertical distribution of contaminants were obtained from
MW-30 and MW-21. MW-30, screened from about 30 to 65 feet below the water table, was
pumped during the treatabflity study to supply water for the pilot treatment program.
Chemical analysis of the discharge water indicated that the water from this well was much
less contaminated than water from MW-21, which is approximately 22 feet from MW-30 and
screened from 0 to 29 feet below the water table. The rapid decrease in contaminant
concentrations with depth observed in these wells supports the conclusion that the
contaminant plume is relatively thin. Analytical data from these and other wells screened
at various depths below the water table indicate that the contaminant plume is probably less
than 40 or SO feet thick.

In addition to the presence of nitrates and chlorinated organic*, perchtorates
were detected in groundwater beneath the burn pit area. Ammonium perchlonte was used
at the site as one of the ingredients in the manufacture of rocket fuels. Concentrations of
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perchlorate in the groundwater ranged from less than 0.01 to 9.1 mg/L. A perchlorate
contour map, shown on Figure 2*9, indicates that the perchlorate contamination most likely
originates at the burn pit and migrates downgradient in a pattern simflar to that of the other
contaminants.
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